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The operative treatment of acetabular fractures is technically challenging. The surgical approaches and reduction techniques must be thoroughly understood to properly manage this three-dimensional problem.[@ref1] The complicated anatomy of the acetabular region, frequent severe associated injuries, and long-term complications, all contribute to management difficulties.[@ref1] Displaced fractures of the acetabulum are best treated with anatomical reduction and rigid internal fixation.[@ref2]--[@ref6] Good to excellent functional outcomes have been reported in 71--88% patients after operative management of acetabular fractures.[@ref2][@ref3][@ref5][@ref7]--[@ref10] The type of fracture and the quality of reduction influences on the functional outcome.[@ref5][@ref10]--[@ref12] However Ochs et al reported that despite changes in the chosen approaches and an increased surgical frequency, the operative treatment of the last 15 years did not lead to an increased reduction quality.[@ref13]

Conservative treatment continues to be the mainstay of treatment in most centers in the developing countries. Lack of infrastructure, non-availability of skilled services, delayed referrals from peripheral units because of associated injuries, economic constraints, patient\'s unwillingness to undergo surgery often make the conservative treatment inevitable.[@ref14] Patients may even not be able to undergo the complete supervised conservative treatment at times because of reasons beyond surgeon\'s control. There are several studies on the outcome of operative management of acetabular fractures.[@ref2][@ref3][@ref7]--[@ref12] However, only a few studies have reported the long-term outcome of acetabular fractures managed conservatively.[@ref14]--[@ref18] Hence, we conducted a retrospective study to evaluate the radiologic and functional outcome of patients with displaced acetabular fractures, who were treated conservatively on traction.
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This retrospective study involves 318 patients of acetabular fractures treated between 1997 and 2007. Of these patients, 232 were treated nonoperatively and 86 operatively. Records were scrutinized for all those patients admitted with the diagnosis of acetabular fractures who were managed conservatively at author\'s institute. The radiographs and computed tomography (CT) scan of the patients (if available) were studied as per the classification of Judet *et al*. The patients involving sacro-iliac joint dislocation or associated pelvic injury were excluded from the study. The inclusion criteria of the study were displaced acetabular fracture with a minimum follow-up of 2 years. A fracture was considered displaced if any of the radiographs including Judet views showed more than 3 mm intra-articular displacement (either a step or widening of fracture). From the 232 patients treated conservatively, 102 had displaced acetabular fractures. Out of 102 patients, 7 were found to have died and 26 could not be traced. Therefore, 69 patients with 71 displaced acetabular fractures fulfilled the inclusion criteria of the study. 2 patients had bilateral acetabular fractures. The patients were treated conservatively for reasons beyond surgeons control despite fractures being displaced, i.e. severe comminution, osteoporosis, associated abdominal, head and chest injury, local soft tissue problem, medical contraindications, patient\'s unwillingness for surgery and occasional non-availability of skilled surgeons. The treatment protocol of nonoperative treatment for the acetabular fractures at the institute involved initial closed reduction maneuvers under sedation/anesthesia followed by skeletal (longitudinal and/or lateral) traction. Most commonly used closed reduction maneuvers included reduction of posterior dislocation by Stimson/Bigelow\'s methods and lateral traction in patients with central dislocation under anesthesia. Longitudinal traction was given through upper tibial or distal femoral Steinmann pin. Lateral traction was applied with Schanz pin through upper femur just below greater trochanter. Skeletal traction was given for 6--8 weeks with weights equivalent to 10--20% of body weight of the patient. This was followed by touch toe non-weight bearing for 3--4 weeks and full weight bearing after 12--16 weeks. There were 55 men and 14 women with an average age of 38.6 years (range 20--65 years). The patients presented to the author\'s institute at 6.9 days (range 1--16 days) after injury. The right hip was involved in 36 patients and the left hip in 35 patients. Fifty-one patients (74%) suffered injuries in road traffic accidents and 18 (26%) patients had fall from height. Four patients had associated head injury, 3 had visceral, 3 had chest injury and 16 patients had associated injuries to the upper and lower extremities. The mode of injury, the type and duration of traction, were inquired and confirmed from the patients and noted. The complications, if any, of non-operative treatment, e.g. bed sore, lateral popliteal nerve palsy, joint stiffness, pin site infection, deep vein thrombosis, were also noted. All clinical data retrieved from old records were further confirmed from the patients directly at final follow-up.

Follow-up radiographs of the affected hip including the anteroposterior, iliac, and obturator views were assessed. Patients were subjected to CT scan examination where possible at the time of final assessment. There were 11 posterior wall, 5 posterior column, 6 anterior column, 13 transverse, 2 posterior column with posterior wall, 9 transverse with posterior wall, 6 T-shaped, 1 anterior column with posterior hemi-transverse, and 18 both-column fractures. One patient had sciatic nerve palsy. Six patients had intra-articular bony fragments. Sixty-one patients were treated with skeletal traction through upper tibial pin. Five patients (of both-column fractures with medial subluxation of femoral head) received additional lateral traction through trochanteric pin. Six patients were treated with skin traction alone Two patients did not receive any type of treatment. The average period of traction was 5.9 weeks (range 4--10 weeks). Average period of follow-up was 4.34 years (range 2--11 years). Forty-one patients (59%) had follow-up of 5 years or more.

Roof arc angle measurements were done as described by Matta *et al*.[@ref19] to quantify the intact acetabular weight-bearing dome (WBD). The roof arc angles were not measured in posterior wall fractures and both-column fractures. Measurements of the percentage of remaining posterior acetabulum on CT scan in posterior wall fractures of acetabulum were evaluated according to the criteria of Calkins *et al*.[@ref20] Congruent reduction was defined as presence of parallelism between joint surfaces.

The final follow-up radiographs were graded according to the criteria developed by Matta.[@ref2] Excellent denotes a normal-appearing hip joint, good as mild changes with minimal sclerosis and joint narrowing, fair indicates intermediate changes with moderate sclerosis and joint narrowing (\<50%), and poor signifies advanced changes.[@ref2] Functional outcome was assessed using Harris hip score and Merle d'Aubigne and Postel score.[@ref21]

The study was conducted in accordance with the ethical standards of the responsible committee on human experimentation (institutional or regional) and with the Helsinki Declaration of 1975, as revised in 2000.

The Fisher\'s exact test (two-tailed) for categorical data and Student\'s t-test (unpaired two-tailed) for continuous data were used for statistical analysis. Statistical significance was set at a *P*-value of \<0.05. For the purpose of statistical analysis, the clinical outcome scores (Merle d'Aubigne and Postel score) and radiologic outcomes were defined as excellent or good, and fair or poor.
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There were 11 cases of posterior wall fractures, all associated with posterior dislocation of hip which were reduced within 24 hours of injury. Reduction was congruent in all patients. The followup CT scan was available in 6 of 11 patients. Four patients demonstrated osteochondral fragments in the region of the cotyloid fossa, three of these had lateral subluxation of the head of the femur \[[Figure 1](#F1){ref-type="fig"}\]. However, none of these patients had posterior subluxation. In four patients, the posterior wall fragment was displaced postero-superiorly, presenting as "cap sign" with a congruent joint \[Figure [2A](#F2){ref-type="fig"}--[D](#F5){ref-type="fig"}\]. All the four patients had more than 50% of the posterior wall broken as assessed on CT measurements[@ref20] (range 56--68.5%) \[[Figure 2](#F2){ref-type="fig"}\].

![Axial CT section shows posterior wall fracture and intra-articular osteochondral fragment in cotyloid fossa. The patient had good functional outcome according to the Merle d'Aubigne and Postel score](IJOrtho-46-36-g001){#F1}

![(a) Anteroposterior radiograph shows broken posterior wall fragment of right acetabulum seated over the head of femur like a "cap" (black arrow). The joint is congruous. (b) Obturator and (c) oblique iliac radiographs also show congruous reduction between the head of femur and weight-bearing dome of acetabulum](IJOrtho-46-36-g002){#F2}

![Axial CT section shows more than 50% of broken posterior wall](IJOrtho-46-36-g003){#F3}

![3-D CT reconstruction shows displaced comminuted posterior wall fragments covering the femoral head posteriorly and superiorly in a patient with more than 50% of broken posterior wall](IJOrtho-46-36-g004){#F4}

![(a) Anteroposterior and (b) obturator radiographs of the same patient at 3 years followup shows good radiological outcome](IJOrtho-46-36-g005){#F5}

In all the patients, the displaced posterior wall fragments covered the femoral head posteriorly on coronal sections as well as 3-D reconstruction \[[Figure 2](#F2){ref-type="fig"}\]. The fracture gap showed new bone formation and fibrous tissue on axial CT examination \[[Figure 2](#F2){ref-type="fig"}\]. At final follow-up, the radiologic was graded as excellent in eight and good in three patients. Functional outcome was assessed as excellent using Harris hip score; and good to excellent using Merle d'Aubigne and Postel score in all patients.

There were 13 cases of transverse fracture. Six patients were classified as transtectal fractures, two as juxtatectal and five as infratectal fractures. An average medial roof arc of 15.6°, anterior roof arc of 11.6° and posterior roof arc of 10.4° were noted in transtectal transverse fractures, indicating inadequate WBD in these patients. One patient of transtectal transverse fractures had congruent reduction with good radiologic outcome and excellent functional outcome. Five patients with transtectal transverse fractures had incongruent reduction. The WBD and head of femur formed a "V" with its apex medially in these five transtectal fractures with incongruent reduction constituting an area of stress concentration at the apex of the V \[Figure [3a](#F6){ref-type="fig"}--[c](#F6){ref-type="fig"}\]. The radiologic outcome in these five transtectal transverse fractures was graded as good in one, fair in one and poor in three patients. Functional outcome was assessed as good in one patient and satisfactory or poor in four patients using Merle d'Aubigne and Postel score. Out of two patients, one with juxtatectal transverse fracture had congruent reduction. An average medial roof arc of 25°, anterior roof arc of 18.3° and posterior roof arc of 18.3° were observed in juxtatectal fractures, indicating inadequate WBD in these two patients. The radiologic outcome was graded as good in one and fair in another patient. Functional outcome was assessed as good in both patients using both scores. Four of the five patients with infratectal transverse fractures had congruent reduction. An average medial roof arc of 67.3°, anterior roof arc of 72.6° and posterior roof arc of 76.6° were noted in infratectal transverse fracture. The radiologic outcome was graded as excellent in two patients, good in two patients and fair in one patient. Functional outcome was assessed as excellent using Harris hip score, and good to excellent using Merle d'Aubigne and Postel score in these patients.

There were nine cases of transverse with posterior wall fracture. Three patients were associated with posterior hip dislocation which was reduced within 6 hours. Reduction was congruent in seven patients. The radiologic outcome was graded as good in six and fair in one patient; and functional outcome was graded as good to excellent in these seven patients using both scores. Two patients had incongruent reduction and one patient exhibited V sign on anteroposterior radiograph. Both the patients had transtectal transverse with posterior wall fracture and persistent subluxation of head of femur. The radiologic outcome was graded as poor and functional assessment was graded as fair in both patients using Harris hip score and satisfactory in both patients using Merle d'Aubigne and Postel score. Two patients had osteochondral intra-articular fragments in the region of cotyloid fossa; however, joint was congruent in WBD and functional outcome was assessed as excellent. In two patients, the posterior wall fragment was displaced postero-superiorly presenting as "cap sign" but with a congruent joint.

![(a) Anteroposterior radiograph of the pelvis of a 45-year-old female shows "V" sign on right acetabulum. The apex is formed medially between the weight-bearing dome and head of femur constituting an area of stress concentration. (b) Skeletal traction failed to reduce the transtectal fracture with V sign as seen in anteroposterior X-rays. (c) Follow-up anteroposterior radiograph shows poor radiological outcome and the patient had fair functional outcome](IJOrtho-46-36-g006){#F6}

There were 18 cases of both-column fractures. Joint was congruent in seven patients; radiologic outcome was graded as excellent in one, good in five and fair in one patient. Functional outcome was assessed as good to excellent in all seven patients using both scores. Eleven patients had incongruent reduction. Radiologic outcome was excellent in one, good in four and fair in six patients. Functional assessment was good in nine and satisfactory in two patients using Merle d'Aubigne and Postel score. Function was good to excellent in six patients who had persistent medial subluxation of head of femur with fracture lines extending into the WBD. Patients with medial subluxation of head of femur had incongruent reduction; however, these patients developed secondary congruence later on follow-up. Three patients showed heterotopic ossification \[Figure [4a](#F7){ref-type="fig"}--[c](#F7){ref-type="fig"}\].

![(a) Anteroposterior, (b) obturator and (c) oblique iliac radiographs of both-column fracture shows medial subluxation of head of femur with secondary congruence. The patient had good functional outcome in spite of heterotopic bone formation](IJOrtho-46-36-g007){#F7}

All patients with posterior column (n=5) fractures had congruent reduction and good to excellent radiologic and functional outcome. There were six patients with anterior column fracture. Four patients had congruent reduction and had good to excellent radiologic and functional outcome. Two patients had incongruent reduction and had fair radiologic and good to excellent functional outcome.

There were six patients with T-shaped fractures. Four patients had congruent reduction and good to excellent radiologic and functional outcome. Two patients had incongruent reduction and had fair radiologic and poor functional outcome using Merle d'Aubigne and Postel score. Two patients of posterior column with posterior wall fractures had incongruent reduction and fair radiologic and good functional outcome. One patient of anterior column with posterior hemi-transverse fracture had congruent reduction with good radiologic and functional outcome \[[Table 1](#T1){ref-type="table"}\].

###### 

Quality of reduction, radiologic and functional outcome in fractures of acetabulum

![](IJOrtho-46-36-g008)

Two patients had bilateral fractures occurring as separate event. One patient initially sustained fracture posterior column with posterior wall on right side and two years later sustained T-shaped fracture on left side. Both hips had incongruent reduction with fair radiologic outcome. Functional outcome was graded as good on right side and fair on left side. Another patient had bilateral transverse fracture. One hip in this patient had congruent reduction with good radiologic and functional outcome. The contralateral hip had incongruent reduction with poor radiologic and fair functional outcome.

Good or excellent radiological outcome was achieved in 43 of 45 hips with congruent reduction in comparison to 6 of 26 hips with incongruent reduction in our study (statistically significant, *P* \< 0.0001, Fisher\'s exact test). Good or excellent functional outcome was achieved in all hips (n = 45) with congruent reduction in comparison to 16 of 26 hips with incongruent reduction in our study using Merle d'Aubigne and Postel score (statistically significant, *P* \< 0.0001, Fisher\'s exact test). Mean Merle d'Aubigne and Postel score was 16.64 (range 15--18; SD 1.17) in patients with congruent reduction in comparison to 14.88 (range 11--18; SD 1.63) in patients with incongruent reduction (statistically significant, *P* \< 0.0001, Student\'s *t*-test). These results emphasize the importance of congruent reduction for achieving good functional outcome.

WBD was adequate in 26 hips of whom radiologic outcome was good or excellent in 21 (had congruent reduction) and fair in 5 hips (had incongruent reduction), and functional outcome was good or excellent in 24 and fair in 2 hips. WBD was inadequate in 16 hips of whom radiologic outcome was good in 6, fair in 5 and poor in 5 hips, and functional outcome was good or excellent in 10 and fair or poor in 6 hips \[[Table 2](#T2){ref-type="table"}\].

###### 

The functional outcome (according to Merle d'Aubigne and Postel score) in relation to congruency and involvement of weight-bearing dome

![](IJOrtho-46-36-g009)

Good or excellent functional outcome was achieved in 24 of 26 hips with adequate WBD in comparison to 10 of 16 hips with inadequate WBD in our study using Merle d'Aubigne and Postel score (statistically significant, *P* = 0.037, Fisher\'s exact test). Mean Merle d'Aubigne and Postel score was 16.35 (range 12--18; SD 1.62) in patients with adequate WBD in comparison to 15 (range 11--18; SD 1.71) in patients with inadequate WBD (statistically significant, *P* = 0.014, Student\'s *t*-test). These results indicate that involvement of WBD decreases the functional outcome scores.

Overall, the radiologic outcome was graded as excellent in 20 (28.1%), good in 29 (40.8%), fair in 17 (23.9%) and poor in 5 (7%) hips. The functional outcome according to Merle d'Aubigne and Postel criteria was assessed as good (15--17 points) or excellent (18 points) in 61 patients (85.9%) and satisfactory (12--14 points) or poor (\<12 points) in 10 hips (14.1%). Satisfactory or poor functions included four displaced transverse fractures, two both-column, two T-shaped and two transverse with posterior wall fractures \[[Table 3](#T3){ref-type="table"}\].

###### 

Clinical details of 71 fractures of acetabulum

![](IJOrtho-46-36-g010)

Six patients had avascular necrosis of head of femur. Five patients developed pin site infection which was treated with curettage and antiseptic dressing, two had knee joint stiffness, one patient developed bed sore and another one had permanent lateral popliteal nerve palsy which was treated with tendon transfers after 1 year.
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Displaced fractures of the acetabulum are best treated with anatomical reduction and rigid internal fixation.[@ref2]--[@ref6] In spite of advances made in the operative management, conservative treatment is being followed in most of the centers in developing countries. The present study is aimed to evaluate quality of reduction, and radiologic and functional outcome in patients of displaced acetabular fractures managed conservatively.

All the patients with posterior wall fractures (n=11) had congruent reduction and good to excellent radiologic and functional outcome. Four patients had more than 50% of broken posterior wall with congruous joint. Epstein advocated conservative treatment for patients who have a fracture dislocation of the hip with a so-called insignificant acetabular fragment, but he did not specify what constituted an insignificant fragment.[@ref22] Posterior wall fractures involving more than 50% of wall are considered unstable,[@ref23][@ref24] and therefore require osteosynthesis. However, we are of the opinion that if the joint is congruent, femoral head is well contained in the socket of the hip and not subluxating on CT examination, and head of femur is well covered with displaced posterior wall fragment on 3D reconstruction, conservative treatment may be considered even if more than 50% of the posterior wall is broken.

Congruent reduction was achieved in 20 of 22 (90.9%) patients with single column or single wall fracture, with good to excellent results in all patients in the present series. Similar findings have been reported in various studies on conservative treatment.[@ref14][@ref16][@ref25] The fracture line is hardly ever located on the weight-bearing surface of the acetabulum and the post-traumatic arthrosis is seldom found.[@ref14][@ref16][@ref25] Lovric *et al*. prefer operative treatment in anterior column fractures.[@ref26]

Good functional outcome was observed in patients with intra-articular osteochondral fragments located in the cotyloid fossa or in the inferior portion of the hip in six patients. The bony or cartilaginous fragments in the joint are considered indications for surgery.[@ref27][@ref28] Rosenthal and Coker concluded in their study that the presence of intra-articular bone fragments does not necessarily indicate open reduction unless the fragments are trapped in the weight-bearing area.[@ref29] The present study highlights that small osteochondral fragments in the cotyloid fossa or non--weight-bearing part in a congruous joint do not adversely affect the functional outcome.

We had good to excellent functional outcome in 88.8% of both-column fractures even though medial subluxation was seen in six cases. Tipton *et al*. reported good to excellent functional outcome in 58.4% patients.[@ref18] We believe that secondary congruence is achieved even though femoral head remains subluxated medially. Sen and Veerappa observed good functional outcomes in patients with central fracture dislocations where fracture reduction could be achieved.[@ref14] Displaced both-column fractures with secondary congruence gave better results than other displaced fractures.[@ref4][@ref30]

The V sign is formed due to (i) intimate contact of the head of the femur with the impacted WBD and (ii) tilting of the part of WBD to form an area of stress concentration on the head of the femur. The average medial, anterior and posterior roof arc measurements were 15.6°, 11.6° and 10.4°, respectively, in these patients. The study reveals that traction failed to reduce such a transtectal fracture showing the V sign \[Figure [3b](#F6){ref-type="fig"} and [c](#F6){ref-type="fig"}\]. The identification of V sign on anteroposterior radiograph of pelvis is quite simple and does not require exact measurements of roof arc. V sign was observed in 6 of 10 transtectal (transverse, T-shaped; and transverse with posterior wall) fractures and 5 of these had poor or fair functional outcome. We, therefore, believe that the presence of V sign is an indication for operative management to achieve a congruous joint. Matta *et al*. depicted marked reduction in contact area between the femoral head and acetabulum in a diagram.[@ref30] Operative management is advised in all acetabular fractures involving WBD or with insufficient roof arc.[@ref4][@ref17][@ref19][@ref27] Weise *et al*. observed that the larger the intact roof arc, the better the prognosis.[@ref31] Good to excellent functional outcomes were achieved in 62.5% fractures despite involvement of WBD in the present series. Heeg *et al*. observed good to functional outcome in 47.3% fractures involving WBD.[@ref15] Good clinicoradiologic results are expected in fractures involving WBD, but with adequate or congruent fracture reduction.[@ref14][@ref15] Lovric *et al*. preferred conservative treatment in transverse fractures.[@ref26] However, operative treatment has been recommended in high or displaced transverse fractures.[@ref15][@ref25][@ref30]

Congruent reduction was achieved in 63.3% of fractures, which is comparable to findings (56.2--80.7%) reported in the literature.[@ref14][@ref15] Good or excellent radiologic outcome was achieved in 95.5% of patients having congruent reduction in comparison to 23% of patients with incongruent reduction in our study (statistically significant). Similarly, good or excellent radiologic outcome was reported in 77.8--100% of patients with congruent reduction in other studies.[@ref14][@ref15] Good or excellent functional outcome was achieved in all patients with congruent reduction in comparison to 61.5% patients with incongruent reduction in our study using Merle d'Aubigne and Postel score (statistically significant). Similarly, good or excellent functional outcome was reported in 83.3--100% of the conservatively treated patients with congruent reduction in other studies.[@ref1][@ref14][@ref15] These results emphasize that good functional outcome can be achieved in displaced acetabular fractures managed conservatively if congruent reduction could be achieved. The functional outcome was fair or poor in 38.4% patients with incongruent reduction using Merle d'Aubigne and Postel score as compared to 78.5--81.8% reported in other studies.[@ref14][@ref15] The functional outcome in patients with incongruent reduction seems better because the number of both-column fractures achieving secondary congruence was more in our series.

Functional outcome after operative treatment in fractures of more than 3 weeks duration was reported as fair or poor in 38.4--40.6% patients.[@ref32][@ref33] Despite changes in the chosen approaches and an increased surgical frequency, the operative treatment of the last 15 years did not lead to an increased reduction quality.[@ref13] Conservative treatment also avoids complications related to operative treatment, such as iatrogenic nerve palsies, wound infections, deep vein thrombosis/pulmonary embolism. Arthrosis, necrosis of the femoral head and heterotopic ossification tend to decline the outcome of acetabular fractures despite good fracture reduction achieved after surgery.[@ref7][@ref34] Overall, good to excellent functional result was achieved in 85.9% patients in the present series. Therefore, the outcome of conservatively managed fractures is not bleak and operative treatment should be considered when absolute indications are there.

In conclusion a reasonable outcome can still be achieved in fractures with congruent reduction treated conservatively. Posterior wall fractures with a congruous joint without subluxation on CT axial section, posterior column, anterior column, infratectal transverse or T-shaped, and both-column fractures may be managed conservatively and good or excellent functional outcome can be expected in most of the patients. Small osteochondral fragments in the cotyloid fossa or non--weight-bearing part of the hip with a congruous joint do not seem to adversely affect the functional outcome. The transtectal transverse or T-shaped fractures presenting with "V" sign should be managed operatively.
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